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ABSTRACT: Daily consumption of highly oxidized products of fatty acids from re-
used deep fried vegetable oil via intake of deep-fried foods leads to gradual
accumulation of end products of lipid peroxidation, which are capable of distorting
most biochemical homeostasis, with health complications such as inflammation of
the vascular system. This research work aims to identify, characterize and quantify
the presence of cytotoxic lipid peroxidation products in re-used deep fried culinary
oil collected from different fast-food vendors within (Enugu, Ebonyi, Anambra,
Abia and Imo) States in Eastern Nigeria. Hundred milliliters (100 mL) of re-used
deep fried vegetable oil collected from different fast-food vendors within these
States, were subjected to characterization, and further identification and
quantification of end products of lipid peroxidation level using thiobarbituric acid
reactive substances (TBARS) method, slightly modified ferrous oxidation-xylenol
orange assay method (FOX2 assay) and GC-MS analysis. Our findings indicate
significant (p<0.05) increase in aldehyde groups, lipid hydroperoxide concentrations,
saponification values, rancidity, percentage free fatty acid values, acid values, and
remarkable decrease in iodine values in comparison with fresh refined vegetable oil.
Our result from Gas chromatography-mass spectrometry analysis of methylated re-
used deep fried vegetable oil detected, Cholest-5-en-3-ol (3B)- a known inducer of
echinocytic transformation of human erythrocytes and further causes decrease in
osmotic fragility of red blood cells. The failure of methylation process to capture
very short chain hydrocarbons necessitated the use of derivitazation method, which
was able to detect already established cytotoxic product namely; trans, trans-2,4-
decadienal, a highly reactive and pro-apoptotic a, f-unsaturated aldehyde capable of
initiating nitrative/oxidative stress.

INTRODUCTION: Palm oil, which consists of
red palm and palm kernel oil are indispensable
products in the developing countries where it is
used mostly for cooking.
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It is very useful in making consumable products,
detergents, cosmetics and, to some extent, biofuel.

Nigeria spent approximately N300 billion on
importation of palm oil between 2007 and 2022,
since the then local production level could not cope
with the demand. This implies that Nigeria spends
an average of N50 billion per annum on
importation of these products, knowing fully well
that Nigeria used to be the world’s major producer
of the commaodity in the 1960s. Currently, we were
producing approximately 1.4x10° kg against the

489



Obinna, 1JP, 2025; Vol. 12(6): 489-502.

3.0x10° kg consumed locally *. However, based on
the hash economic situation in the country coupled
with the current removal of fuel subsidy, which
translated to increase in inflation, all the ready-
made deep-fried fast-food vendors asked confirmed
that they do not discard oil after re-using it many
times. Instead, they add fresh oil to the re-used
deep fried oil. Discarding vegetable oil after re-
using it many times was strange to all the food
vendors interviewed. Many of them said that it
would be practically impossible for them to engage
in the practice of discarding their oil without re-
using them considering the economic cost.
Recently discovered increase in distortion of most
biochemical homeostasis, with health
complications such as inflammation of the vascular
system, disorders, hematological complications and
premature death, among Nigerians, may partly be
attributed to increased rate of consumption of
highly oxidized lipids unknowingly via intake of
deep-fried food .

The all-inclusive well-being of the cells of an
organism determines the total well-being of an
organism which is central to its quality of life.
Maintenance of good public health requires critical
identification of potential exogenous sources of
free radicals, especially via research analysis and
conscious avoidance of such, coupled with
mitigation policies. The membrane lipids represent
the first line of attack by lipid peroxidation
products/oxidative free radicals, since they
constitute the outermost part of body cells.

Unsaturated fatty acids (omega-9, -6 and -3 series),
which are the major constituents of membrane
lipids serve as good substrates for free radical
attacks because of the presence of active bis-allylic
methylene groups. The carbon-hydrogen bonds on
these activated methylene units have lower bond
dissociation energies, making these hydrogen
atoms more easily abstracted during free radical
reaction/attack ’. The unpaired electron on the
carbon, undergoes molecular rearrangement of the
double bond to form a conjugated diene which then
combines with oxygen to form a peroxyl radical *°.
This reaction generates a variety of toxic
compounds, including reactive oxygen species
(ROS) and lipid peroxidation products (Yin, et al.,
2011) *, which can distort most biochemical
homeostasis (including endoplasmic reticulum
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homeostasis). However, some of these products of
lipids peroxidation have been confirmed to have
mutagenic 2%, carcinogenic cytotoxic and
genotoxic *° properties and constitute risk factors to
overall health of body cells. Although, over five
decades now the pathophysiological, nutritional
and toxicological effects of re-used deep fried oil
have been the subject of intensive research
(Dobarganes & Marquez-Ruiz, 2015) “, but the
difficulties in reaching thorough conclusions have
been partly the disparities in total concentration of
products of lipid peroxidation generated in fried oil
and the heating conditions used.

This was estimated using the formula which states
that the sum total of products of lipid peroxidation
in deep-fried fast-food sample is equals the total
concentration of volatile and non-volatile products
of lipid peroxidation of fried oil absorbed by the
deep-fried fast food plus the total concentration of
intrinsic volatile and non-volatile products of lipid
peroxidation constituents of the deep-fried food} *°.
With regard to epidemiological studies, no research
work has so far linked normal culinary use of
frying oil and distorted biochemical homeostasis
(Dobarganes & Marquez-Ruiz, 2015) *3, coupled
with the fact that, fried food diets are crucial
constituents of Mediterranean diet, which is
strongly linked with a reduced risk of
cardiovascular events.

The number and concentrations of toxic lipid
peroxidation compounds thus formed in fried
Mediterranean diets are significantly low, since
their oil are subjected to normal culinary practices.
The health benefits of Mediterranean fried foods
(diets) should not be attributed to frying but to the
nutritional composition of the oil. However,
oxidative free radicals have been implicated in the
distortion of biochemical homeostasis resulting in
health impairments. One of the most commonly
known markers of oxidative/nitrative stress and
antioxidant status in cancerous patients is
malondialdehyde level (Stefan Gawel, et al., 2004).
The aim of this research work is to identify,
characterize and quantify the presence of cytotoxic
lipid peroxidation products in re-used deep fried
culinary oil collected from different fast-food
vendors within (Enugu, Ebonyi, Anambra, Abia
and Imo) States in Eastern Nigeria.
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MATERIALS AND METHODS:

Materials:
Equipment:  Precision  weighing  balance,
refrigerator, water bath (U-Clear England),

spectrophotometer (U-Clear England), incubator
(U-Clear England), Rotary evaporator (Eyla N-
1000, Japan), desiccator, centrifuge (Hanil, MF-80,
Korea) and Shimadzu GC-MS QP2010 Ultra
equipment (Japan).

Chemicals and Reagents: Thiobarbituric acid
(TBA) (Molychem India); malondialdehyde
tetrabutyl ammonium salt (MDA salt), 2, 4-
Dintrophenlyhydrazine 98%, Methanol (CDH), and
Chloroform (Lab-Chem), Butylated Hydroxyl
Toluene (Lobachemie). All other chemicals and
reagents were of analytical standard with high

purity.

Methods:

Reagent Preparations:

Butylated Hydroxyl Toluene: To prevent further
oxidation of the sample during the actual analysis,
Butylated Hydroxyl Toluene (0.01%) was prepared
by dissolving 0.01g of BHT in 100 mL double
distilled/deionized water.

Preparation of Methanol KOH: A known
quantity (22.40 g) of KOH was dissolved in 200 ml
of analytical standard methanol.

Collection of Re-used Deep Fried Vegetable Oil
from Food Vendors: A known volume (100 mL)
of re-used deep fried oil were collected from
different fast-food vendors within the five states in
Eastern Nigeria.

However, re-used deep fried oil was subjected to
characterization, quantification of levels of
products of lipid peroxidation using thiobarbituric
acid reactive substances (TBARS) assay method,
and determination of concentrations of lipid
hydroperoxide using slightly modified FOX2 assay
method. In the first phase of GC-MS analysis, the
raw, untreated re-used deep fried oil was used, in
the second phase methylated re-used deep fried oil
was used, while in the third phase derivatized re-
used deep fried oil was used. Finally, the untreated
raw re-used deep fried oil, methylated and
derivatized oil samples were further subjected to
GC-MS analysis.
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Characterization of Re-used Oil:

Percentage Free Fatty Acid Value: Free fatty
acid value which indicates the measure of fatty
acids hydrolyzed from esterification bond with
glycerol were determined using the method of
Association of Analytical Chemists (2015). A
known weight of the oil 1.00g was accurately
weighed into a neatly washed and dried 250 mL
Erlenmeyer flask using a precision weighing
balance. A known volume (2.00 mL) of
phenolphthalein indicator and 50 mL of neutralized
ethanol were added, with proper shaken to form
homogenous mixture. The homogenous mixture
was titrated with standard base (0.1NNaOH), with
vigorous but constant shaking until the endpoint,
indicated by a slight pink colour change that
persists for 30s, was reached. The titrant volumes
were recorded.

FFA value was calculated using the formula;

Percent free fatty acid (as Oleic acid) = Vx282 /
1000x10gx100

Saponification Value: The saponification value,
which represents the amount of alkali needed to
saponify a given amount of oil, expressed as mg
KOH to saponify 1 g sample, was determined using
the method of AOCS (2009). A known weight of
the oil 5.0g was accurately weighed into a neatly
washed and dried 250 mL Erlenmeyer flask using a
precision weighing balance. This was followed by
the addition of 50 mL of alcoholic potassium
hydroxide into the flask. Duplicate blank samples
were prepared with just 50 mL of alcoholic
potassium hydroxide in 250 mL Erlenmeyer flasks
without samples. Few boiling beads were added to
the flasks with oil samples and were connected .to
condenser. These were gently but steadily heated
on a hot plate until the sample is clear and
homogenous, indicating complete saponification,
then the samples were allowed to cool to room
temperature after disconnecting the flask from
condenser. A known volume (1ml) of
phenolphthalein indicator was added into the
samples/blank and titrated with 0.5 N HCI until the
pink colour disappeared. The volumes of titrants
used were recorded.

Saponification Value = (B-S)xNx56.1 / W
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lodine Value: The iodine value (or number) which
represents the level of unsaturation is the amount in
grams of iodine absorbed per 100g sample was
determined using the method of AOCS (2009). A
known weight of the oil 0.5g was accurately
weighed into a neatly washed and dried 500 mL
glass-stoppered conical flask using a precision
weighing balance, followed by addition of 10 ml
chloroform to dissolve the oil. Two blank samples
were prepared by adding only 10 ml chloroform to
500 ml glass-stoppered flasks. With pipette, 25 ml
Wijs iodine solution was added into the sample and
blank flasks and were left to stand for 30 min in the
dark with occasional shaking. After incubation in
the dark, 20 ml potassium iodide solution was
added to each flask and were thoroughly shaken.
Hundred milliliters (100 mL) of freshly boiled and
cooled water were used to wash down any free
iodine on the stopper. The final solution was
gradually titrated with standard sodium thiosulfate,
with constant and vigorous shaking until the yellow
colour disappears and finally followed by the
addition of 1ml of starch indicator. The titration
continued until the blue colour entirely
disappeared. The volumes of titrants used were
recorded.

lodine Value = (B-S)xNx126.9 / Wx100

Peroxide Values: Peroxide value, the mill
equivalents of the amount of peroxide or
hydroperoxide groups per kilogram of oil sample,
was determined using the method of AOCS, 20009.
A known weight of the oil 5.0g was accurately
weighed into a neatly washed and dried 250 mL
Erlenmeyer flask using a precision weighing
balance, followed by the addition of 30 mL of
acetic acid-chloroform solution and was vigorously
shaken to dissolve the oil. The blank sample
containing only 30 mL of solvent solution, without
sample was also prepared. A known volume 5 mL
of saturated K1 solution was added to both samples
and the blank, followed by shaking for 1 min.
Distilled/deionized water (30 mL) was added
before titration with 0.1 N sodium thiosulfate
solution, with vigorous shaking until yellow colour
disappeared. A known volume 0.5 mL of 1%
starch solution was added before continuing the
titration with vigorous shaking to release all iodine
from chloroform layer, until blue colour
disappeared. The volumes of titrants used were
recorded.
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Peroxide Value = (B-S) x N/ W x 1000

Specific Gravity/Density of Oil Samples: The
density of the oil sample was measured using a
clean dry 25ml capacity density bottle with empty
weight of (Yo). It was later filled with the oil
sample, stopper inserted and reweighed to give
(Y1). It was later washed clean and dried using
oven. The clean dry 25ml capacity density bottle
was filled with sample oil, stopper inserted and
reweighed to give (Y) Specific gravity = (Y;-
Y0)/(Y2-Yo) = weight of the sample/weight of equal
volume of water.

Density = (Y1-Y)/25

Lipid Peroxidation Products:

Determination of Malonaldehyde
Concentrations in Samples using TBARS Assay:
The malonaldehyde (MDA) levels in the oil
samples were measured using the slightly modified
method of Zeb and Ullah (2016). One milliliter of
malonaldehyde solution was mixed with 1 mL of
TBA in five different test tubes for each different
concentrations of the standard MDA. These were
heated in water bath maintained at 95°C for a
duration of 1hr. The absorbance was read at 532nm
using UV-visible spectrophotometer, after cooling
to room temperature. A blank sample (n = 5)
consists of equal volume of extraction solvent in
place of standard or sample. A known volume (1
mL) of each of the oil samples were mixed with
1mL TBA reagent and the above procedure was
repeated (n = 5). The TBARS was determined
using the formula as uM/g of the sample:

TBARS (uM/g) = (Ac x V)/W...... Equation- 1

Lipid Peroxidation Assay (Negative Control): A
slightly modified thiobarbituric acid reactive
substances (TBARS) assay method of Janero,
(1990); Zhanyuan and William (1992), was used
for this assay. In this assay method egg yolk
homogenate (10% in distilled water, v/v) was used
as lipid source and free radicals were produced by
0.07M Fenton reagent (FeSO4/H,0,). In brief, ImL
reaction mixture containing 0.95 mL egg yolk
homogenate was mixed with 0.05mL Fenton
reagent and incubated for 30min to induce lipid
peroxidation. Free radical generated by Fenton

reagent ruptures the lipid bilayer to form
malonaldehyde as a secondary product.
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Immediately after incubation 1 mL of TBA was
added into the mixture. The mixture was heated for
1 hour in a water bath maintained at 95°C.
However, after heating for 1 hour, the test tubes
were cooled at room temperature and absorbance
read at 532nm. The TBARS were calculated using
the formula in equation (1) above.

Determination of  Lipid  Hydroperoxide
Concentrations in Samples by FOX-2 Assay: A
slightly modified ferrous oxidation-xylenol orange
assay method of Lapenna et al. (2001) %, in
conjunction with triphenylphosphine (TPP) was
used to measure the level of Lipid hydroperoxides
(ROOH). Known aliquots (180ul) of sample were
transferred into ten centrifuge tubes (vials). Then
20 pL of 10 mmol TPP in methanol was added to
five of the tubes (vials) to reduce ROOHSs, thereby
generating a quintuplicate of blanks. Methanol (20
uL) was added to the remaining five (vials) to
produce a quintuplicate of the test samples.

All the tubes were then vortexed and incubated at
room temperature for 30 min prior to the addition
of 1800 pL of FOX-2 reagent methanol. The
working reagent was routinely calibrated against
H,0, of known concentrations). After mixing, the
samples were incubated at room temperature for
another 30 min and the tubes were centrifuged at
8000 rpm for 10 min. Absorbance of supernatant
was measured at 560 nm. The ROOH
concentrations in samples were calculated using the
mean absorbance difference between quintuplicate
of test samples and the blank samples.
Hydroperoxide content was determined by using a
molar absorbance co-efficient of 4.3 x 10* M CM"
Lin reference to H,0, standard curve.

GC-MS Analysis:

Methylation Procedure: Methylation method
according to Wang et al. (2015) ' was used.
Hundred microliters (100 uL) of the oil sample
were vortex mixed (Biocote Stuart, model R00010,
Korea) with 3 mL of methanolic potassium
hydroxide (methanolic-KOH) and finally heated in
a water bath at 70°C for 15 min. Immediately, after
heating three drops of H,SO, was added, this was
followed by 3 ml of distilled water and 3 ml of n-
hexane. The whole mixture was centrifuged (Hanil,
MF-80, Korea) for 15 min at 3000 rpm, the
supernatant was collected, and the vialed
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supernatant was injected into the GC-MS system
(Schimadzu, Japan).

Derivatization Method: A slightly modified
derivatization method according to Custodio-
Mendoza et al., 2022 ** was used. A known volume
(0.5 mL) of the sample (or sample solution
described above) was vortex mixed (Biocote Stuart,
model R00010, Korea) with 1.3 mL Acetonitride
(ACN) (disperser solvent) for 1 min and
centrifuged (Hanil, MF-80, Korea) for 2 min at
3500 rpm. Ninety microliters of chloroform
(extraction solvent) were mixed with the
supernatant, to form a cloudy solution and the
resultant mixture was immediately injected into a
conical tube containing 0.5 mL derivatization
reagent {2, 4-Dintrophenylhydrazine (DNPH) (0.5
g L™ in 72.916 g L™ HCI)}, and 4.00 mL ultrapure
H,O. The tube was placed in an ultrasound bath
(Branson 2510, Bransonic 2510 Spain) maintained
at 60 "C for 5 min and centrifuged at 4000 rpm for
2 min to form an extract drop at the bottom of the
tube. This drop, containing the hydrazine derivation
products, was collected using a 100 pL. micro
syringe (Hamilton, Denmark) and injected into the
GC-MS system.

GC-MS Analysis: Separation and molecular
identifications of the analytes were carried out with
Shimadzu GC-MS QP2010 Ultra equipment
(Japan), with injector temperature at 250°C and
using an ultra-inert double taper liner in splitless
mode. (RESCEK RXI™ —MS Column, USA (60m
x 0.23mmlD x 0.25um df) was used with a carrier
gas (helium) flow rate of 1.88 mL min™. The
temperature started at 100°C and increased, with a
ramp of 100°C min 1, to 230°C; this temperature
was maintained for 8.0 min and then increased,
using a 35°C min™ ramp, to a final temperature of
280 °C, maintained for 9.50 min. The transfer line,
set at 280°C, connects the column to an electronic
impact source in positive mode (El+) programed at
250°C and 70 eV.

Statistical Analysis: The data analyzed by SPSS
were recorded as means + standard deviation.
ANOVA procedures were used for One-way
analysis of variance. Duncan’s multiple range tests
were used to determine significant differences
between means. p < 0.05 was regarded as
significant and p > 0.05 was non-significant.
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RESULTS:
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FIG. 1: FROM LEFT, A. REFINED VEGETABLE OIL B RE-USED REFINED VEGETABLE OIL C. RE-USED
DEEP-FRIED CRUDE VEGETABLE OIL, D. UNUSED/UNREFINED CRUDE VEGETABLE OIL

Both re-used refined vegetable oil and re-used
deep-fried crude vegetable oil exhibited varied
colour changes from pale yellow to amber and tan
colours respectively. The observed solidification of
both re-used deep-fried crude vegetable oil and un-

used/unrefined crude vegetable oil at room
temperature in comparison with refined vegetable
oil and used refined vegetable oil that are liquid
states indicates a significant change in the physical
states.

TABLE 1: CHARACTERIZATION VALUES OF RANDOM OIL SAMPLES COLLECTED FROM FIVE STATES IN

EASTERN NIGERIA

Retention % Molecular Compound’s Name Molecular Structure
Time Area Formula
05.694 00.030 C1gH360, Octadecanoic acid
05.830 00.050 Ca3H350, Phthalic acid, butyl undecyl ester 0 —
L]
06.028 01.330 C16H30, n-Hexadecanoic acid ~
06.598 00.150 C,1H403 Methoxyacetic acid, octadecyl ester :
07.403 00.110 C19H10O n-Nonadecanol-1
08.034 00.100 C,,H40, Erucic acid -
08.399 00.530 C1gH360, Octadecanoic acid
09.530 00.150 CyoH3604 2-Butenedioic acid (E)-, bis(2-ethylhexyl) L
ester [ I
11.288 01.250 CH40, Hexanedioic acid, bis(2-ethylhexyl) ester 1
12.740 08.390 C,7H5,05 Dodecanoic acid, 1-(hydroxymethyl)-1,2-
13.506 24.160 ethanediyl
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15.142 22.180 Co4H350,
17.955 00.900 CaoHs500
18.628 00.520 C3oHg00O2
18.989 05.570 Co7H5006
19.261 00.960 C31Hg00s5
23.189 00.600 C3oHeoO2

1,3-Benzenedicarboxylic acid, bis(2-
ethylhexyl

beta.-Sitostero

Hexadecanoic acid, tetradecyl ester

Glycerol tricaprylate

Tetradecanoic acid, 2-hydroxy-1,3-
propanediyl

Octadecanoic acid, dodecyl ester

TABLE 2: IDENTIFIED COMPOUNDS FROM GC-MS CHROMATOGRAM OF METHYLATED RE-USED DEEP

FRIED OIL
Retention % Area Molecular Molecular Name Chemical Structure
Time Formula
08.123 00.88 C11H5,0, Decanoic acid, 2-methyl-ester o
[
10.974 25.01 C13H560, Dodecanoic acid, methyl ester 1
13.965 13.68 C15H300, Methyl tetradecanoate _
[ o
16.727 10.06 C17H3,0, Hexadecanoic acid, methyl ester T
18.842 00.38 C19H340, n-Propyl 9,12-hexadecadienoate T 1
L
18.914 16.41 C19H360, 11-Octadecenoic acid, methyl ester 2 Pt ’
19.262 04.89 C19H350, Methyl stearate 1
20.677 25.47 Cy7H460 Cholesterol
i, !
21.075 00.49 C3Hs540, Ergost-5-en-3-ol, 22,23-dimethyl-,
acetate, [ |
T N
21.557 00.37 CysHs; -methyltetracosane S e
21.877 00.17 C13H50, Undecanoic acid, 10-methyl-, methyl l
ester .
|
22.859 00.27 CogHsg Octacosane P s
24117 00.26 CusHgo Tetratetracontane
27.603 00.29 CysHx Tricosane, 2-methyl- . [ e e e e e e e
27.815 00.65 CsoHso Squalene e i i e ol el
iails e (i '
28.948 2.59 C3oHs500, Cholest-5-en-3-ol (3.beta.)-, T T
propanoate = LI f==
L [LI
TABLE 3: IDENTIFIED COMPOUNDS FROM GC-MS CHROMATOGRAM OF DERIVATIZED RE-USED DEEP
FRIED OIL
Retention Time % Molecular Molecular Name Molecular Structure
Area Formula
3.551 0.10 CyoH150 2-Decenal, (E)- -

International Journal of Pharmacognosy

495



Obinna, 1JP, 2025; Vol. 12(6): 489-502.

E- ISSN: 2348-3962, P-ISSN: 2394-5583

3.619
3.767

4.122

4.258
4.953

5.064

5.405

5.635

5.834
6.055

6.231
6.295
6.388

6.799

6.917

7.126

7.351
8.044

8.091

8.150
8.214

8.321

8.370

8.501

8.646

0.04
0.05

0.04

0.10
0.58

2.09

0.25

0.27

0.11
1.06

3.91
0.53
11.61

0.07

0.14

0.09

0.09
0.56

0.88

0.67
1.61

5.76

1.00

0.22

0.44

C10H16O
C13H24O
ClOHZOOZ
C12H2402
C19H40

C14H2802
C26H4405

C15H3002

Ci6H320,

CiI.6H3002
CiI.6H3002
C16H3202
C1sH0

CZOHSSFSOZ

C16H3002

C20H40O2
C18H32O2

C24H36C|2Rh2

C18H3402
C18H3202

C18H3402

C18H3402

ClBH34O2

C18H3602

2,4-Decadienal
2-Tridecenal, (E)-
n-Decanoic acid

Dodecanoic acid

Pentadecane, 2,6,10,14-
tetramethyl-
Tetradecanoic acid

Ethyl iso-allocholate

Pentadecanoic acid

cis-1-Chloro-9-octadecene
n-Hexadecanoic acid

Palmitoleic acid
9-Hexadecenoic acid
n-Hexadecanoic acid

cis-9-Hexadecenal

Oleyl alcohol, trifluoroacetate

9-Hexadecenoic acid

Eicosanoic acid

9,12-Octadecadienoic acid (Z,
2)-

Rhodium, bis[5,6-bis(eta.2-
ethenyl)cyclooctene

9-Octadecenoic acid, (E)-
9,12-Octadecadienoic acid

(Z,Z)'

9-Octadecenoic acid, (E)-

cis-Vaccenic acid

Oleic Acid

Octadecanoic acid
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9.943 0.37 CuHx9NO N,N-Dimethyldodecanamide I
10.492 0.24 CyH3,0, 5,8,11,14,17- - -

Eicosapentaenoic acid, . '1’*'“"""’{ WJ ‘L_,'
methyl ester
10.889 0.28 C15H3sNO 9-Octadecenamide, (Z)- :
__|.| B il -e-"'-x..z'\]
I B
11.116 2.66 Cx7H40 Cholesterol |
P P
11.364 0.97 CsoHso Olean-18-en I lr
Lapel TN
11.575 0.56 CigH340; 9-Octadecenoic acid, (E)- SAAAAAAAAL
11.650 0.51 CyoH3sNO 9-Octadecenamide, N,N- a«x.xa\[' .
dimethyl- i
12.307 4.68 CigH3504 Hexadecanoic acid, 2- | L
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FIG. 2: TOTAL IONIZED COMPOUNDS FOUND IN DERIVATIZED RE-USED DEEP-FRIED OIL

DISCUSSION: These data were obtained from re-  food vendors operate mainly from 6.00 to 11.00 am
used deep fried oil from fast food vendors collected  in the morning (phase-1) and from 4.00 to 10.00 pm
via Food Inspection Services procedures, a realistic  in the evening time (phase-Il). Within these time
experimental condition for sampling of used fried frames, once the oil is set on fire for frying, a
oil. The results in figure 1 depict the observed constant temperature is applied continually till the
physical states of various oil (refined vegetable oil, end of each phase. This is to enable consistent
used refined vegetable oil, re-used deep-fried crude  frying of different batches (sets) of deep-fried fast
vegetable oil and un-used/unrefined crude foods. This indicates that on an average, a given
vegetable oil) sampled in the course of this volume of frying oil is subjected to a constant and
analysis. Both re-used refined vegetable oil and re-  high temperature of approximately 300 °C for 10h
used deep-fried crude vegetable oil exhibited varied  per day.

colour changes from pale yellow to amber and tan ] ) ]
colours respectively. In re-used oil, fatty acids constituents of the

triacylglycerols are modified via oxidative,
The observed variation in colours of these oils, hydrolytic, polymerization and isomerization
especially the unique tan colour of re-used deep- reactions which eventually results in lipid
fried crude vegetable oil should be attributed to  peroxidation (Choe & Min, 2007) and generation of
oxidation of the oil due to extreme high wide spectrum of wvolatile or non-volatile
temperature and increased duration of heating. The  compounds, including free fatty acids, alcohols,
observed solidification of both re-used deep-fried aldehydes, ketones, hydrocarbons, trans isomers,
crude vegetable oil and un-used/unrefined crude cyclic and epoxy compounds ** **. The observed
vegetable oil at room temperature in comparison  colour changes from pale yellow to amber and tan
with refined vegetable oil that is in liquid state, colours, increased viscosity, off-flavour, enhanced
could be attributed to (high concentrations/amounts  foaming observed in samples in figure 1 above
of both saturated fatty acids and lipid peroxidation could be attributed to end products of lipid
products) and (high concentrations of both peroxidation reactions. Our observed results from
saturated fatty acids and impurities) respectively. re-used deep fried oil characterization showed
The relatively straight hydrocarbon chains of short-  significant (p<0.05) increase in saponification
chain saturated fatty acids allow for efficient values, peroxide values, percentage free fatty acid
packing and crystallization, leading to a solid state,  values, aldehyde groups, TBARS levels, lipid
with a relatively high melting point (Ghotra, Dyal, hydroperoxide concentrations, and significant
& Narine, 2002). Most Nigerian deep-fried fast- (p<0.05) reduction in iodine values in comparison
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with fresh refined vegetable oil, with exception of
areas {(1, 19 and 20)}, {(19 and 20)} and {(5, 9
and 19)} that exhibited non-significant increase in
percentage free fatty acid values, peroxide values
and saponification values respectively and area 20
that exhibited non-significant increase in iodine
value. These observed changes could be attributed
to increased lipid peroxidation level/free radical
attack during frying, while the observed
discrepancies in some of the oil from different
areas could be due to variations in duration of
heating, topping up time and whether the oil being
used was the continuation of the previous day’s oil
sample.

However, these deep-fried fast foods are either
washed in water and salted or dissolved with little
volume of water to make paste coupled with
addition of salt for taste before frying. When the
water and salt coupled with metal ions which may
be an intrinsic constituent of the food sample or
contaminates from wears and tears of the milling
machine comes in contact with the extreme hot oil,
generation of free radicals is initiated. Unsaturated
fatty acids (omega-9, -6 and -3 series) serve as
good substrates for free radical attacks because of
the presence of carbon-hydrogen bonds on the
active bis-allylic methylene groups . They possess
lower enthalpy change, making these hydrogen
atoms very easy to abstract during free radical
attack, leading to fragmentation of the long
hydrocarbon chain into fragments. High number of
double bonds result in increased free radical attack,
which decreases the iodine value, but invariably
increases the degree of saturation and
fragmentation leading to significant increase in
saponification value, peroxide value, percentage
free fatty acid, acid value and aldehyde groups. The
above assertion is in total agreement with our
findings.

Our result from GC-MS analysis of methylated re-
used deep fried oil shows the presence of 16
compounds representing 100% of the total oil. The
chemical names, molecular structures, retention
time (RT) and relative percentage areas of
compounds detected by Gas chromatography-mass
spectrophotometry are presented in Table 3. One of
the already established cytotoxic compounds
detected in methylated re-used deep fried oil was
Cholest-5-en-3-ol (3B) (2.59%), a known inducer of
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echinocytic transformation of human erythrocytes
that further causes decrease in osmotic fragility of
red blood cells. However, the failure of methylation
process to capture very low short chain
hydrocarbons further necessitates the derivatization
method that was able to be detected hazardous
compounds. An already established cytotoxic
product among these compounds is trans-2-trans-4-
decadienal, apro-apoptotic and highly reactive a, p-
unsaturated aldehyde capable of inducing
nitrative/oxidative stress.

(2E)-dec-2-enal, with molecular formula (C1oH150)
and net charge of zero has been considered
hazardous by the 2012 OSHA Hazard
Communication Standard (CQA, 2012). It causes
serious eye and skin irritation. Information on Eco
toxicity revealed that (2E)-dec-2-enal, is very toxic
to aquatic organism. Beta-sitosterol (B-sitosterol), a
saturated phytosterol similar to cholesterol, is
widely distributed among plant kingdom (vegetable
oil, nuts and avocados). It helps to reduce
cholesterol level by inhibiting its absorption and
causes reduction in swelling of enlarged prostate
(Benign prostatic hyperplasia) and further possess
strong inhibitory activities against both aromatase
and 5-alpha-reductase enzymes (David, 2018).
Intake of B-sitosterol is one of the many reasons
eating vegetables is good for human health.
However, another important compound isolated in
the course of this analysis is erucic acid, a
monounsaturated omega-9 fatty acid denoted as
22:1 n-9, mainly found in rape seeds oil and in
repeatedly used oil, inhibits NF-xB and p38 MAPK
222 causes lipidosis, raises blood cholesterol and
impairs myocardial conductance (cardiac injury) at
high concentration (Burrows & Tyrl, 2013).

Our result from total ionized compounds in raw
untreated re-used deep fried oil indicates the
presence of 2-butenedioic acid (E)-; bis(z-
ethylhexyl) ester a by-product of condensation
reactions between C,H;O4butenedioic acid and two
z-ethylhexyl esters, which justified the fact that
condensation reaction is one of the predominant
reactions during deep frying of vegetable oil. The
observed partial hydrolysis of fatty acids esterified
to glycerol in Dodecanoic acid, 1-(hydroxymethyl)-
1,2-ethanediyl and Glycerol tricaprylate may have
justify the fact that fresh oil samples were added to
re-used oil by the vendors in the course of frying.
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(2E)-dec-2-enal, a dec-2-enal in which the olefinic
double bond has E configuration, with molecular
formular (C1oH150) and net charge of zero was also
detected. This compound, when released by an
injured organism signals the presence of danger to
other organisms. Cetene, the most highly reactive
hexadecane isomers with chemical formula of
Ci6H32, belongs to the class of organic compounds
known as unsaturated aliphatic hydrocarbons,
widely used as a surfactant in lubricating fluid and
drilling industry was also detected.

However, current literature indicates no available
information on its biological bioactivities and
interactions, and no available information on its
organoleptic roles in food. Although, cetene has
been identified as one of the major constituents of
ethyl acetate fraction of Loxostylis alata extract
that exhibited an in-vitro antibacterial activity
against salmonella species > ° identified Cetene,
Heneicosane and  Hexadecane, 2,6,11,15-
tetramethyl in  Pimpinella anisum L. Callus
Cultures as affected by yeast and phenylalanine
application ° while both Heneicosane and
Hexadecane,2,6,11,15-tetramethyl were found to
exhibit {Microbicide activities} and {Antifungal-
antitumor- antibacterial, larvicidal- antimicrobial -
cytotoxic} respectively. 1-nonadecanol, an
extremely weak acidic compound, with chemical
formula of CigHao and an average molecular
weight 284.5203g, a member of the class of
compounds known as long chain fatty alcohols,
which is practically insoluble in water, but found in
black elderberry and potato was also detected.

CONCLUSION: In our own opinion, this current
observed in-vitro presence of already established
toxicological compounds in re-used deep fried
vegetable oil demands that consumption of food
samples prepared via re-used deep fried vegetable
oil should rather be avoided for now, until in-vivo
experiment in animal models indicate otherwise.
Further research should be particularly directed at
verification of re-use deep fried vegetable oil
toxicity and cytotoxic screening of already
established cytotoxic compounds and possibly the
new cytotoxic aldehydes and carbonyl on wide
panels of cells of different organs.
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